We study the generic properties of the electrostatic noise spectrum measured by an antenna immersed in a plasma with an isotropic electron velocity distribution function, at frequencies of the order of magnitude of the plasma frequency. We find that at high frequencies the noise level is proportional to the electron pressure for long wire antennae and to the electron flux for long double-sphere antennae. At low frequencies it depends mostly on the low-energy electrons. We also study the shape of the peak near the plasma frequency, for distribution functions with Maxwellian or power law high-energy tails. We calculate the noise produced with a generalized Lorenzian ("kappa") distribution function and compare the results with those obtained with different distributions having the same density and equivalent temperature. We deduce some practical consequences for plasma wave measurements in space.
as the fluctuating electrostatic field due to the motion of passing plasma particles, "dressed" by the dielectric function eL (k, M. Broadly speaking, this means that for • < % the antenna mostly sees the shot noise of electrons passing at distances smaller than the Debye length (see equation (9) 
where Si is the sine integral function; for the wire antenna we have assumed that the current varies linearly with the distance to the antenna feed point [see Couturier et al., 1981] .
Note that from (3) the imaginary part of er is
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GENERIC PROPERTIES OF THE ELECTROSTATIC NOISE
We will characterize the noise V 2 in the most general way, i.e., as a function of the (angular) plasma frequency %, and of the other moments of the distribution functionf(v) defined as We define the equivalent temperature as 
We thus obtain from (12) Looking at (15), (16), and (18), one sees that whether the antenna is made of wires or spheres, and whether it is large or small, the low-frequency noise level depends on the lower moments of the distribution function f(v), and thus mainly on the lower-velocity electrons. We expect, therefore, that it will be nearly insensitive to any high-energy tail of the velocity distribution.
High Frequencies
Let us now consider high frequencies, i.e., 60 >>%. In this case we can make the approximation eL = 1 in (1) 
where the moments of the distribution function are defined in (7).
We therefore obtain the very interesting result that the high-frequency electrostatic noise is proportional to the total electron pressure P for long wire antennae and proportional to the total electron flux J for 10ng double-sphere antennae: Let us now consider long antennae, i.e., L/L D >> 1. We then take the opposite limit w/kv >> 1; considering sufficiently well-behaved distribution functions, we use the asymptotic expansion of (3) 
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Hence when k0 is given by (26), the noise exhibits a cutoff at 6o = 6%, with a peak given by V02 just above 6%. This peak In short, for long antennae, while the cutoff of the spectrum occurs at the plasma frequency, the fine structure of the peak just above %, depends on the shape of the high-energy tail of the velocity distribution. More precisely, if it is Maxwellian, then the peak occurs above %,, and its width is of the order of 8(LD/L)2; on the other hand, for a power law tail the peak is nearly at %, and is sharper (and it has also a fine stcucture of relative width (v2)/2c 2, which is generally hidden by the finite receiver bandwidth).
An important question therefore arises: Consider an experiment having a frequency resolution AtO/tO insufficient to resolve the fine structure of the peak. In this case, one cannot deduce the high-energy tail of f(v); more precisely, one cannot deduce f(v) for v > [(v2)/(2AtO/tO)] 1/2 except if these electrons contribute significantly to the pressure or to lower-order moments of f(v). But one can still deduce the plasma frequency and the other low-order moments off(v), by using the other parts of the spectrum.
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for the wire dipole antenna (and a value about 30% larger for the spheres).
Antenna Impedance
The voltage power spectrum calculated above appears at the antenna terminals. In practice, however, the antenna is connected to a receiver with a finite impedance ZR. It is 
Calculation of the Electrostatic Noise
The fluctuations of the electrostatic field are given in (1).
The dielectric function e r has just been calculated and is given by (51). F(kL) depends on the geometry of the antenna: depending on whether the antenna is a wire dipole or a dipole made of two spheres, expression (4) or (5) has to be used. Let us now calculate B(k).
Inserting ( behavior of quasi-thermal noise spectra: a plateau below fp, a cutoff at fp with a peak which is sharper for long antennae, and a high-frequency spectrum proportional tof -3 orf -2 for wire or sphere long dipole antennae, respectively; on the other hand, the spectrum is nearly flat for short antennae. As shown in section 3.3, the peak is sharp and occurs at f•,, which is a generic property of distributions having a power law tail. 
CONCLUSIONS
We have derived the following generic properties of the electrostatic noise in a stable isotropic plasma of density n and equivalent electron temperature T (proportional to the mean square velocity, as defined in (8) 3. For most practical distributions the peak of the spectrum has a cutoff which determines the plasma frequency, and thus the total electron density. The peak shape strongly depends on the distribution of the high-energy electrons. For a power law tail the peak is nearly exactly at the plasma frequency (in contrast to what happens with a Maxwellian tail). However, the measurement of the high-energy electrons is generally limited by the finite frequency resolution Ato/to of the noise receiver, since the peak cannot give any information on the electrons of velocity v > [(v2)/(2Ato/ to)] •/2 except if these electrons contribute to the pressure in an important way.
One might think naively that the fine structure of the peak could be resolved by using a receiver with a sufficient frequency resolution. This is not necessarily true, however, since in practice the spectrum is acquired over a finite time, during which the plasma density fluctuates. When these density fluctuations occur at frequencies much smaller than CHATEAU AND MEYER-VERNET: NOISE IN NON-MAXWELLIAN PLASMAS the plasma frequency, the noise peak fluctuates accordingly.
Since f•, cr n •/2, the observed peak should be broadened by one-half the amplitude of the density fluctuations An/n.
For instance, it is well known that in the free solar wind the electron density fluctuations are usually of the order of a few percent, on time scales larger than a few seconds. Consequently, over such time scales the peak cannot be determined with a resolution better than 1%; this precludes any fine measurement of electrons of velocity larger than about 7 times the mean square velocity, by thermal noise spectroscopy, at such time scales in the solar wind (except if these electrons contribute significantly to the pressure). This is not, however, the whole story, because the above quoted value does not take into account the fluctuations over shorter time scales, for which the measurements are much more difficult. Celnikier et al. [1987] Can we deduce practical consequences for interpreting noise spectra measured with past or present experiments in space? They generally have either a low-frequency resolution or a large integration time or both. For instance, the radio experiment aboard ISEE 3 has a frequency resolution barely better than 10% near the plasma frequency in the solar wind [Knoll et al., 1978] . Aboard ISEE 1 and 2 the noise receiver, which has a better frequency resolution, acquires a noise spectrum in 4 s at its highest rate [Harvey et al., 1978] . Either of these effects should round off the peak and, owing to its dissymmetry, should shift it above the plasma frequency. This would make the peaks of the curves shown in Figure 6 nearly indistinguishable in practice. As a consequence, an attempt to deduce high-energy tails by thermal noise spectroscopy with such experiments might give meaningless results in some cases; for example, in the case of a receiver having poor frequency or time resolution and a plasma with a power law tail, one could obtain a quite irrelevant hot electron temperature by fitting to the measured spectrum one constructed from a sum of Maxwellians. However, such an experiment can nevertheless give reliable results for the bulk of the distribution (i.e., v •> (v 2) 1/2) if it uses a long wire dipole antenna.
On the other hand, the future experiments planned aboard Wind or CRAF might allow one to distinguish between kappa distributions and distributions made of two Maxwellians in the solar wind if they have a frequency resolution of the order of 1% and a time resolution better than a fraction of a second.
Finally, it is important to note that the results obtained in this paper rest on two important assumptions: the isotropy of the electron distribution and the absence of ambient static magnetic field. Although reliable results have been obtained with these assumptions in both the solar wind and a cometary environment, and some hints have been given about the effects of relaxing these assumptions (see, for instance, references given by Meyer-Vernet and Perche [1989] ), more studies of the effect of the magnetic field might be needed for fully interpreting noise spectra that will be measured aboard the space probe Ulysses [Stone et al., 1983] , which (hopefully) will pass through the Io torus near Jupiter before exploring the Sun's polar regions, or aboard the projected Cassini spacecraft near the planet Saturn.
